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(57) ABSTRACT

Disclosed herein are R-7-(3-aminomethyl-4-methoxyimino-
3-methyl-pyrrolidin-1-y1)-1-cyclopropyl-6-fluoro-4-oxo-1,
4-dihydro-[1,8]naphthyridine-3-carboxylic acid and L-as-
partic acid salt, process for the preparation thereof and
pharmaceutical composition comprising the same for anti-
microbial. Because the R-7-(3-aminomethyl-4-methoxy-
imino-3-methyl-pyrrolidin-1-yl)-1-cyclopropyl-6-fluoro-4-
ox0-1,4-dihydro-[1,8]naphthyridine-3-carboxylic acid and
L-aspartic acid salt is more soluble and less toxic and has
less side effects as an antimicrobial agent than hydrochloride
and the other salts (D-aspartate and phosphate) convention-
ally used, the salt may be useful for oral and injectable
administration.

8 Claims, No Drawings
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1
R-7-(3-AMINOMETHYL-4-METHOXYIMINO-
3-METHYL-PYRROLIDIN-1-YL)-1-
CYCLOPROPYL-6-FLUORO-4-0X0O-1 ACID
AND L-ASPARTIC ACID SALT, PROCESS
FOR THE PREPARATION THEREOF AND
PHARMACEUTICAL COMPOSITION
COMPRISING THE SAME FOR
ANTIMICROBIAL

CROSS REFERENCE

This application is a continuation of U.S. application Ser.
No. 14/574,935 filed Dec. 18, 2014 which is a continuation
of U.S. application Ser. No. 14/155,249 filed Jan. 14, 2014
now issued as U.S. Pat. No. 8,952,164 which is a continu-
ation of U.S. application Ser. No. 13/387,080, filed Feb. 8,
2012 now issued as U.S. Pat. No. 8,664,240 pursuant to 35
U.S.C. §371 as a United States National Phase Application
of, and which claims the right of priority to, International
Application Ser. No. PCT/KR10/04938, filed Jul. 27, 2010,
which claims the right of priority to Korean Application No.
10-2009-0068396, filed Jul. 27, 2009, all of which are
incorporated by reference herein in their entirety.

TECHNICAL FIELD

The present disclosure relates to R-7-(3-aminomethyl-4-
methoxyimino-3-methyl-pyrrolidin-1-yl)-1-cyclopropyl-6-
fluoro-4-oxo0-1,4-dihydro-[ 1,8 naphthyridine-3-carboxylic
acid and L-aspartic acid salt, process for the preparation
thereof and pharmaceutical composition comprising the
same for antimicrobial.

BACKGROUND ART

Quinolone carboxylic acid derivatives are synthetic anti-
bacterial agents which are well known to be useful for the
treatment of infective diseases in human and animals due to
their potent and broad antimicrobial activities. Currently,
quinolone-based antimicrobial agents such as norfloxacin,
ofloxacin, ciprofloxacin, etc. are very usefully applied for
the treatment of human diseases, and their efficacies are
acknowledged. However, these medicines have the problem
that even though they show excellent antimicrobial activities
against Gram-negative bacteria, they still show ordinary or
relatively low antimicrobial activities against Gram-positive
bacteria. Accordingly, there have been various studies for
solving such problems of existing quinolone-based antimi-
crobial agents, and as a result, sparfloxacin having improved
antimicrobial activities against Gram-positive bacteria has
been developed. However, this compound still shows weak
antimicrobial activities against Streptococci, methicillin
resistant Staphylococcus aureus (MRSA) and other cur-
rently increasing quinolone-resistant strains. The above-
mentioned strains are well known as pathogens of respira-
tory infections. Therefore, there are increasing needs for the
development of improved quinolone antimicrobial agents
which exhibit excellent antimicrobial activities against these
strains.

In quinolone-based antimicrobial agents, R-7-(3-aminom-
ethyl-4-methoxyimino-3-methyl-pyrrolidin-1-yl)-1-cyclo-
propyl-6-fluoro-4-o0xo-1,4-dihydro-| 1,8 |naphthyridine-3-
carboxylic acid exhibit excellent antimicrobial activities
against Gram-positive bacteria, Gram-negative bacteria,
methicillin resistant bacteria, and existing quinolone-resis-
tant strains.
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2

In general, it is well known to those skilled in the art that
an active ingredient used in a pharmaceutical composition
should be highly soluble in water or aqueous solution having
a broad range of pH. Accordingly, the development of salts
having excellent solubility is needed in order to increase the
bioavailability of the R-7-(3-aminomethyl-4-methoxy-
imino-3-methyl-pyrrolidin-1-yl)-1-cyclopropyl-6-fluoro-4-
0x0-1,4-dihydro-[1,8]naphthyridine-3-carboxylic acid.

Thus, the present inventors have described various salts of
R-7-(3-aminomethyl-4-methoxyimino-3-methyl-pyrrolidin-
1-yD)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-[ 1,8 |naph-
thyridine-3-carboxylic acid in Korean Patent [aid-Open
Publication No. 2001-0029698. Examples of such acids are
inorganic acids such as hydrochloric acid, phosphoric acid,
sulfuric acid, etc., organic acids such as methanesulfonic
acid, p-toluenesulfonic acid, acetic acid, citric acid, maleic
acid, succinic acid, oxalic acid, benzoic acid, tartaric acid,
fumaric acid, mandelic acid, lactic acid, glycolic acid,
gluconic acid, galaturonic acid, glutamic acid, etc., and
alkali metal ions such as sodium ions, potassium ions, etc.
However, hydrochloride is usually used as a pharmaceuti-
cally acceptable salt of R-7-(3-aminomethyl-4-methoxy-
imino-3-methyl-pyrrolidin-1-yl)-1-cyclopropyl-6-fluoro-4-
0x0-1,4-dihydro-[1,8]naphthyridine-3-carboxylic acid.

L-aspartic acid was approved by the US FDA as a food
additive, and the acid has been safely and widely used.
L-aspartic acid is a stable and colorless liquid that is not
hygroscopic and corrosive and has stability in preparation
because it is not toxic. It is so easy to treat the acid that
L-aspartic acid may be easily used in mass production. In
addition, the acid is known to contribute to hepatic detoxi-
fication, assist in mineral absorption, enhance DNA and
RNA metabolism and improve immunocompetence. How-
ever, when L-aspartic acid is administered alone, the solu-
bility and internal absorption is so low that only minor
effects are known to be exerted when the acid is adminis-
tered even in excess. Therefore, L-aspartic acid has not been
conventionally used as a pharmaceutically acceptable salt.

Thus, the present inventors have performed research to
develop a salt having excellent solubility to improve the
bioavailability of the R-7-(3-aminomethyl-4-methoxy-
imino-3-methyl-pyrrolidin-1-yl)-1-cyclopropyl-6-fluoro-4-
ox0-1,4-dihydro-[1,8|naphthyridine-3-carboxylic acid, pre-
pared L-aspartate of R-7-(3-aminomethyl-4-methoxyimino-
3-methyl-pyrrolidin-1-y1)-1-cyclopropyl-6-fluoro-4-oxo-1,
4-dihydro-[1,8]naphthyridine-3-carboxylic acid, confirmed
that the L-aspartate has better solubility as well as better
physical properties such as stability, etc. than hydrochloride
and D-aspartate, and aspartic acid is easily dissolved in the
form of salt and internally absorbed to have a lower toxicity
than the other salts, and made the present invention.

DISCLOSURE OF INVENTION
Technical Problem

One object of the present invention is to provide L-aspa-
rate of R-7-(3-aminomethyl-4-methoxyimino-3-methyl-pyr-
rolidin-1-y1)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-[1,
8]naphthyridine-3-carboxylic acid.

Another object of the present invention is to provide a
preparation method of the L-aspartate of R-7-(3-arninom-
ethyl-4-methoxyimino-3-methyl-pyrrolidin-1-y1)-1-cyclo-
propyl-6-fluoro-4-oxo-1,4-dihydro-[ 1,8 |naphthyridine-3-
carboxylic acid.

Still another object of the present invention is to provide
an antimicrobial pharmaceutical composition containing the
L-aspartate of R-7-(3-aminomethyl-4-methoxyimino-3-



US 9,452,158 B2

3
methyl-pyrrolidin-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-
dihydro-[1,8]naphthyridine-3-carboxylic acid as an active
ingredient.

Solution to Problem

In order to achieve the objects, the present invention
provides L-aspartate of R-7-(3-aminomethyl-4-methoxy-
imino-3-methyl-pyrrolidin-1-yl)-1-cyclopropyl-6-fluoro-4-
oxo0-1,4-dihydro-[1,8]naphthyridine-3-carboxylic acid, a
preparation method thereof, and an antimicrobial pharma-
ceutical composition containing the same as an active ingre-
dient.

Advantageous Effects of Invention

Because the R-7-(3-aminomethyl-4-methoxyimino-3-
methyl-pyrrolidin-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-
dihydro-[1,8]naphthyridine-3-carboxylic acid L-aspartate of
the present invention is more soluble than hydrochloride, is
less toxic than the other salts (D-aspartate, hydrochloride,
and phosphate), and has reduced side effects as an antimi-
crobial agent, the salt may be useful for oral and injectable
administration.

BEST MODE FOR CARRYING OUT THE
INVENTION

The present invention provides L-aspartate of R-7-(3-
aminomethyl-4-methoxyimino-3-methyl-pyrrolidin-1-y1)-1-
cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-[ 1,8]naphthyri-
dine-3-carboxylic acid represented by the following
Chemical Figure 1.

Chemistry Figure 1

[Chem. 1]

OH

N
HO,CCH,CH(NH,)CO,H

R-7-(3-aminomethyl-4-methoxyimino-3-methyl-pyrroli-
din-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-[1,8]
naphthyridine-3-carboxylic acid L-aspartate of the present
invention may be crystal or amorphous, and more preferably
a crystal form.

The present invention also provides a preparation method
of the R-7-(3-aminomethyl-4-methoxyimino-3-methyl-pyr-
rolidin-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-[1,
8]naphthyridine-3-carboxylic acid L-aspartate of Chemical
Figure 1. Specifically, a preparation method according to the
present invention, as represented by the following Reaction
Figure 1, includes reacting R-7-(3-aminomethyl-4-methoxy-
imino-3-methyl-pyrrolidin-1-yl)-1-cyclopropyl-6-fluoro-4-
ox0-1,4-dihydro-[1,8]naphthyridine-3-carboxylic acid with
L-aspartic acid in an inert organic solvent.
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[Reaction FIG. 1]
e} e}
F.
/
| | Of L-Aspartic
™ acid

HO,CCH,CH(NH,)CO,”

L-aspartic acid used in a preparation method according to
the present invention has been widely used as a main
ingredient of aspartame, is a stable and colorless liquid that
is not hygroscopic and corrosive, and has stability in prepa-
ration because it is not toxic. It is so easy to treat the acid that
L-aspartic acid may be easily used in mass production. In
addition, because the acid is known to contribute to hepatic
detoxification, assistance in mineral absorption, and
enhancement of DNA and RNA metabolism and improve
immunocompetence, it is expected that side effects accom-
panied by the use of antimicrobial agents may be reduced.

The inert organic solvent used in the preparation method
of the present invention includes ethyl acetate, methanol,
ethanol, isopropanol, acetone, acetonitrile, hexane, isopro-
pyl ether, water, etc., and ethanol may be the most preferable
among them.

A preparation method of the present invention will be
specifically described as follows. First, R-7-(3-aminom-
ethyl-4-methoxyimino-3-methyl-pyrrolidin-1-y1)-1-cyclo-
propyl-6-fluoro-4-oxo-1,4-dihydro-[ 1,8 |naphthyridine-3-
carboxylic acid is dissolved in an inert organic solvent. The
inert organic solvent may be preferably used in an amount
equivalent to a volume (ml) 10 to 20 times based on a
weight(g) of R-7-(3-aminomethyl-4-methoxyimino-3-
methyl-pyrrolidin-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-
dihydro-[1,8 naphthyridine-3-carboxylic acid.

0.9 to 2.5 equivalent weight, and preferably 1.0 to 1.5
equivalent weight of L-aspartic acid may be added to 1
equivalent weight of R-7-(3-aminomethyl-4-methoxyimino-
3-methyl-pyrrolidin-1-y1)-1-cyclopropyl-6-fluoro-4-oxo-1,
4-dihydro-[1,8]naphthyridine-3-carboxylic acid and may be
reacted at 30° C. to 70° C., and preferably 40° C. to 60° C.
for 10 min to 5 hours, and preferably 30 min to 2 hours to
prepare  R-7-(3-aminomethyl-4-methoxyimino-3-methyl-
pyrrolidin-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-
[1,8]naphthyridine-3-carboxylic acid L-aspartate.

R-7-(3-aminomethyl-4-methoxyimino-3-methyl-pyrroli-
din-1-y1)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-[1,8]
naphthyridine-3-carboxylic acid may be prepared at a high
yield of 82-83% or more by the preparation method.
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The present invention also provides an antimicrobial
pharmaceutical composition containing R-7-(3-aminom-
ethyl-4-methoxyimino-3-methyl-pyrrolidin-1-yl)-1-cyclo-
propyl-6-fluoro-4-o0xo-1,4-dihydro-| 1,8 |naphthyridine-3-
carboxylic acid L-aspartate of the Chemical Formula 1 as an
active ingredient.

Furthermore, the present invention provides a method for
treating bacterial disease, including administering to a
patient in need thereof a therapeutically effective amount of
L-aspartate of R-7-(3-aminomethyl-4-methoxyimino-3-
methyl-pyrrolidin-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-
dihydro-[1,8]naphthyridine-3-carboxylic acid represented
by the Chemical Formula 1.

The present invention also provides a use of L-aspartate
of R-7-(3-aminomethyl-4-methoxyimino-3-methyl-pyrroli-
din-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-[1,8]
naphthyridine-3-carboxylic acid represented by the Chemi-
cal Formula 1 in the preparation of an antimicrobial
formulation.

L-aspartate of R-7-(3-aminomethyl-4-methoxyimino-3-
methyl-pyrrolidin-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-
dihydro-[1,8naphthyridine-3-carboxylic acid of the present
invention was shown to have better solubility than R-7-(3-
aminomethyl-4-methoxyimino-methyl-pyrrolidin-1-y1)-1-
cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-[ 1,8]naphthyri-
dine-3-carboxylic acid, hydrochloride and D-aspartate
thereof and to be about 2 times more soluble, in particular,
in distilled water than the hydrochloride (See Table 1). There
was also little change in content of the salt in distilled water,
meaning that its chemical stability was excellent (See Table
2), and it was determined that the toxicity was relatively low
due to a high lethal dose 50 (See Table 3). Furthermore, the
salt exhibited pharmacokinetics equivalent to that of hydro-
chloride in an in vivo pharmacokinetic experiment (See
Table 4).

Therefore, the L-aspartate according to the present inven-
tion may be useful as an antimicrobial agent.

A composition containing the [-aspartate according to the
present invention may be used in the form of a general
medicinal preparation.

That is, the L-aspartate according to the present invention
may be administered in various dosage forms, orally or
parenterally when administered in an actual clinical setting.
Pharmaceutical preparations may be prepared by including
one or more pharmaceutically acceptable carriers in addition
to an active ingredient. The pharmaceutically acceptable
carrier may be used by including saline solution, sterile
water, Ringer’s solution, buffered saline solution, dextrose
solution, maltodextrin solution, glycerol, ethanol, and a
mixture of one or more thereof, and other conventional
additives such as antioxidants, buffers, bacteriostatic agents,
etc. may be added if necessary.

Solid preparations for oral administration include tablets,
pills, powders, granules, capsules, etc. These solid prepara-
tions may be prepared by mixing a compound with at least
one excipients, for example, starch, calcium carbonate,
sucrose, lactose, gelatin, etc. In addition to simple excipi-
ents, lubricants such as magnesium stearate and talc may be
used.

In addition, liquid preparations for oral administration
include suspensions, solutions, emulsions and syrups, etc. In
addition to water commonly used as a simple diluent and
liquid paraffin, various excipients, for example, wetting
agents, sweetening agents, flavors, preservatives, etc. may
be included. Preparations for parenteral administration
include sterilized aqueous solutions, non-aqueous solvents,
suspending agents, emulsions, freeze-drying agents, sup-
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6

positories, etc. Propylene glycol, polyethylene glycol, veg-
etable oils such as olive oil, injectable esters such as ethyl
oleate, etc. may be used as non-aqueous solutions and
suspending agents. Suppositories may include witepsol,
macrogol, tween 61, cacao butter, laurin butter, glycerinated
gelatin, etc.

Furthermore, the pharmaceutical composition of the pres-
ent invention may be parenterally administered, and the
parenteral administration may be effected by hypodermatic,
intravenous or intramuscular injection. To prepare a paren-
teral formulation, a solution or suspension may be prepared
by mixing the compound with a stabilizer or a buffer in
water, and a unit dosage form such as an ampoule or a vial
may be prepared.

An amount of the L-aspartate according to the present
invention may be preferably included in the ranges from
0.1% to 50% by weight based on a total weight of the
composition. However, the above ranges are not to be
limited to this, but may depend on the conditions of the
patient, kinds of diseases, and severities of diseases.

A preferable dose of the L-aspartate according to the
present invention depends on the conditions and body
weight of the patient, the severity of the disease, drug forms,
administration routes, and duration, but may be appropri-
ately selected by those skilled in the art. However, 0.01
mg/kg to 10 g/kg a day, and preferably 1 mg/kgto 1 ghkg a
day may be administered. The doses may be administered
once or several times a day.

Mode for the Invention

Hereinafter, the present invention will be described in
more detail with reference to the following examples and
experimental examples. However, the following examples
and experimental examples are provided for illustrative
purposes only, and the scope of the present invention should
not be limited thereto in any manner.

EXAMPLE 1

Preparation of R-7-(3-aminomethyl-4-methoxy-
imino-3-methyl-pyrrolidin-1-yl)-1-cyclopropyl-6-
fluoro-4-oxo0-1,4-dihydro-[ 1,8 |naphthyridine-3-car-
boxylic acid L-aspartate

23 ml of methanol and 23 ml of water were added to 7.8
g of R-7-(3-aminomethyl-4-methoxylimino-3-methyl-pyr-
rolidin-1-y1)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-[1,
8]naphthyridine-3-carboxylic acid, to which was added 2.57
g of L-aspartic acid, followed by stirring at 45° C. for 1 hour.
After the solid of the reaction mixture was filtered, 78 ml of
ethanol was added to the solid. The mixture was stirred at 5°
C. 10 10° C. for 2 hours, followed by filtration and drying to
obtain 8.5 g of the target compound (yield: 82%).

'H-NMR(D,O, ppm): 1.03(d, 2H, J=4.00 Hz), 1.27(m,
2H), 1.47(s, 3H), 2.67(dd, 1H, J=17.59 Hz, J=8.80 Hyz),
2.77(dd, 1H, J=22.03 Hz, J=3.64 Hz), 3.34(s, 2H), 3.63(m,
1H), 3.86(m, 1H), 3.96(m, 5H), 4.67(s, 2H), 7.66(d, 1H,
J=12.43 Hz), 8.54(s, 1H).

Melting point (m.p.): 164.2° C.

COMPARATIVE EXAMPLE 1

Preparation of R-7-(3-aminomethyl-4-methoxy-
imino-3-methyl-pyrrolidin-1-yl)-1-cyclopropyl-6-
fluoro-4-oxo0-1,4-dihydro-[ 1,8 |naphthyridine-3-car-
boxylic acid D-aspartate

30 ml of methanol and 30 ml of distilled water were added
to 10 g of R-7-(3-aminomethyl-4-methoxyimino-3-methyl-
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7
pyrrolidin-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-
[1,8]naphthyridine-3-carboxylic acid, to which was added
3.3 g of D-aspartic acid, followed by stirring at 45° C. for 1
hour. After the solid of the reaction mixture was filtered, 100
ml of ethanol was added to the solid. The mixture was stirred
at room temperature for 3 hours, and the solid produced was
filtered and dried to obtain 8.67 g of the target compound
(yield: 65%).

'"H-NMR(D,O, ppm): 1.06(2H, d, 1=4.04 Hz), 1.32(2H, d,
J=6.96 Hz), 1.51(3H, s), 2.73(1H, dd, J=17.59 Hz, J=8.80
Hz), 2.83(1H, dd, J=22.03 Hz, J=3.64 Hz), 3.38(1H, s),
3.65(2H, m), 3.90(1H, m), 3.99(4H, m), 4.10(1H, m), 4.71
(2H, s), 7.68(1H, d, I=12.27 Hz), 8.57(1H, s).

Melting point (m.p.): 163.3° C.
COMPARATIVE EXAMPLE 2

Preparation of R-7-(3-aminomethyl-4-methoxy-
imino-3-methyl-pyrrolidin-1-yl)-1-cyclopropyl-6-
fluoro-4-oxo0-1,4-dihydro-[ 1,8 |naphthyridine-3-car-
boxylic acid

According to the method described in Korean Patent
Laid-Open Publication No. 2001-0029698, (+)-7-(3-amin-
omethyl-4-methoxyimino-3-methyl-pyrrolidin-1-y1)-1-cy-
clopropyl-6-fluoro-4-oxo-1,4-dihydro-[ 1,8 |naphthyridine-
3-carboxylic acid was prepared.

COMPARATIVE EXAMPLE 3

Preparation of R-7-(3-aminomethyl-4-methoxy-
imino-3-methyl-pyrrolidin-1-yl)-1-cyclopropyl-6-
fluoro-4-oxo0-1,4-dihydro-[ 1,8 |naphthyridine-3-car-
boxylic acid hydrochloride

According to the method described in Korean Patent
Laid-Open Publication No. 2001-0029698, (+)-7-(3-amin-
omethyl-4-methoxyimino-3-methyl-pyrrolidin-1-y1)-1-cy-
clopropyl-6-fluoro-4-oxo-1,4-dihydro-[ 1,8 |naphthyridine-
3-carboxylic acid hydrochloride was prepared.

COMPARATIVE EXAMPLE 4

Preparation of R-7-(3-aminomethyl-4-methoxy-
imino-3-methyl-pyrrolidin-1-yl)-1-cyclopropyl-6-
fluoro-4-oxo0-1,4-dihydro-[ 1,8 |naphthyridine-3-car-
boxylic acid methanesulfonate

*40 ml of trifluoroacetic acid was cooled to 5° C. to 10°
C., to which was added 20 g of 7-[3-(t-butoxycarbo-
nylamino-methyl)-4-methoxyimino-3-methyl-pyrrolidin-1-
yl]-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-[ 1,8 ]naph-
thyridine-3-carboxylic acid, followed by stirring for 1.5
hours. 140 ml of isopropanol and 3.1 ml of methanesulfonic
acid were added to this reaction mixture and stirred at the
same temperature for 2 hours. The solid produced from the
reaction mixture was filtered and dried to obtain 10.2 g of the
target compound (yield: 51%).
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'"H-NMR(D,O, ppm): 1.05(2H, d, ]=3.84 Hz), 1.32(2H, d,
J=7.16 Hz), 1.51(s, 3H), 2.80(3H, s), 3.38(2H, s), 3.67(1H,
m), 3.98(4H, m), 4.10(1H, m), 4.70(2H, s), 7.65(2H, d,
J=12.27 Hz), 8.54(1H, s).
Melting point (m.p.): 193.3° C.

COMPARATIVE EXAMPLE 5

Preparation of R-7-(3-aminomethyl-4-methoxy-
imino-3-methyl-pyrrolidin-1-yl)-1-cyclopropyl-6-
fluoro-4-oxo0-1,4-dihydro-[ 1,8 |naphthyridine-3-car-
boxylic acid formate

50 ml of purified water, 50 ml of ethanol, and 1.1 ml of
formic acid were added to 10 g of R-7-(3-aminomethyl-4-
methoxyimino-3-methyl-pyrrolidin-1-yl)-1-cyclopropyl-6-
fluoro-4-oxo0-1,4-dihydro-[ 1,8 naphthyridine-3-carboxylic
acid, followed by stirring at 55° C. to 60° C. for 1 hour.
Subsequently, the reaction mixture was filtered, and then 40
ml of ethanol was added to the filtrate. The mixture was
cooled to room temperature and stirred at room temperature
for 4 hours. The solid produced was filtered, followed by
drying to obtain 6.4 g of the target compound (yield: 57%).

'H-NMR(D,O, ppm): 1.03(2H, d, I=4.04 Hz), 1.31(2H,
m), 1.49(3H, s), 3.37(2H, s), 3.62(1H, m), 3.95(4H, m),
4.03(1H, m), 4.66(1H, s), 7.61(2H, d, J=12.43 Hz), 8.45(1H,
s), 8.50(1H, s).

Melting point (m.p.): 195.4° C.

COMPARATIVE EXAMPLE 6

Preparation of R-7-(3-aminomethyl-4-methoxy-
imino-3-methyl-pyrrolidin-1-yl)-1-cyclopropyl-6-
fluoro-4-oxo0-1,4-dihydro-[ 1,8 |naphthyridine-3-car-
boxylic acid phosphate

804 g of R-7-(3-aminomethyl-4-methoxyimino-3-
methyl-pyrrolidin-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-
dihydro-[1,8]naphthyridine-3-carboxylic acid was added to
41 ml of phosphoric acid and 41 ml of distilled water,
followed by stirring at 55° C. to 60° C. for 2 hours.
Subsequently, the reaction mixture was filtered, and then the
filtrate was cooled to room temperature. To the filtrate was
added 33 ml of ethanol, and then the solid produced after the
mixture was stirred at 5° C. to 10° C. for 1 hour was filtered
and dried to obtain 8.54 g of the target compound (yield:
85%).

'"H-NMR(D,O, ppm): 1.06(2H, d, ]=6.04 Hz), 1.32(2H, d,
J=6.96 Hz), 1.51(3H, s), 3.38(2H, s), 3.66(1H, m), 3.99(4H,
s), 410(1H, d, J=12.27 Hz), 4.70(2H, s), 7.65(1H, d,
J=12.23 Hz), 8.54(1H, s).

Melting point (m.p.): 165.4° C.

COMPARATIVE EXAMPLE 7

Preparation of R-7-(3-aminomethyl-4-methoxy-
imino-3-methyl-pyrrolidin-1-yl)-1-cyclopropyl-6-
fluoro-4-oxo0-1,4-dihydro-[ 1,8 |naphthyridine-3-car-
boxylic acid p-toluenesulfonate

53 ml of ethanol and 53 ml of distilled water were added
to 6 g of p-toluenesulfonic acid, to which was added 10.51
g of R-7-(3-aminomethyl-4-methoxyimino-3-methyl-pyrro-
lidin-1-y1)-1-cyclopropyl-6-fluoro-4-oxo-1.4-dihydro-[ 1,8]
naphthyridine-3-carboxylic acid, followed by stirring at 55°
C. to 58° C. for 2 hours. Subsequently, the reaction mixture
was filtered, and then the filtrate was cooled to 5° C. to 10°
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C. 52 ml of ethanol was, added to the filtrate, followed by
stirring for 1 hour. The solid produced was filtered and dried
to obtain 8.24 g of the target compound (yield: 55%).

'H-NMR(D,O, ppm): 1.06(2H, d, J=6.44 Hz), 1.31(2H, d,
J=6.96 Hz), 1.50(3H, s), 2.35(3H, s), 3.37(2H, s), 3.66(1H,
m), 3.99(4H, s), 4.11(1H, d, J=12.1 Hz), 4.70(2H, s), 7.31
(2H, d, J=8.44 Hz), 7.63(2H, d, J=8.04 Hz), 7.68(1H, d,
J=12.2 Hz), 8.58(1H, s).

Melting point (m.p.): 187.2° C.

EXPERIMENTAL EXAMPLE 1

Solubility Test

Each solubility (ug/ml) of the R-7-(3-aminomethyl-4-
methoxyimino-3-methyl-pyrrolidin-1-yl)-1-cyclopropyl-6-
fluoro-4-oxo0-1,4-dihydro-[ 1,8 naphthyridine-3-carboxylic
acid L-aspartate, D-aspartate, methanesulfonate, formate,
phosphate, p-toluenesulfonate, and hydrochloride and R-7-
(3-aminomethyl-4-methoxyimino-3-methyl-pyrrolidin-1-
yD)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-[ 1,8]naph-
thyridine-3-carboxylic acid prepared in the Example and
Comparative Examples was measured at room temperature.

The results are shown in Table 1.

Table 1
TABLE 1
Salt used Solubility (mg/ml)
L-aspartate (Example 1) 189.78
D-aspartate (Comparative Example 1) 118.64
Free form (Comparative Example 2) 2.79
Hydrochloride (Comparative Example 3) 93.30
Methanesulfonate (Comparative Example 4) 99.08
Formate (Comparative Example 5) 27.52
Phosphate (Comparative Example 6) 57.79
p-toluenesulfonate (Comparative Example 7) 5.78

As shown in Table 1, the free form of R-7-(aminomethyl-
4-methoxyimino-3-methyl-pyrrolidin-1-y1)-1-cyclopropyl-
6-fluoro-4-o0x0-1,4-dihydro-[ 1,8 |naphthyridine-3-carbox-
ylic acid was rarely soluble in water due to the solubility of
2.79 mg/ml, while the L-aspartate according to the present
invention was excellent in solubility, which was 189.78
mg/ml. In particular, the solubility of the [.-aspartate accord-
ing to the present invention was higher than that (118.64
mg/ml) of D-aspartate which is the optical isomer. The
L-aspartate exhibited about 2 times higher solubility than the
hydrochloride (93.30 mg/m.e) and much better solubility
than the other salts in Comparative Examples. Thus, the
L-aspartate according to the present invention is excellent in
solubility and may be useful as a medicine.

EXPERIMENTAL EXAMPLE 2

Stability Test

30 mg of each salt of the R-7-(3-aminomethyl-4-
methoxyimino-3-methyl-pyrrolidin-1-yl)-1-cyclopropyl-6-
fluoro-4-oxo0-1,4-dihydro-[ 1,8 naphthyridine-3-carboxylic
acids prepared in the Example and Comparative Examples
was dissolved in 100 ml of distilled water, and then was
subjected to stability test at room temperature and at 60° C.
The results are shown in Table 2.
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TABLE 2
Content (%)
Room 607

temperature  (after 3
Salt used Initial (after 3 weeks) weeks)
L-aspartate (Example 1) 98.1 98.0 874
D-aspartate (Comparative Example 97.8 98.0 90.3
D
Free form (Comparative Example 2) 97.3 96.8 34.6
Hydrochloride (Comparative 97.9 98.0 90.0
Example 3)
Methanesulfonate (Comparative 96.4 96.8 89.6
Example 4)
Formate (Comparative Example 5) 89.7 89.7 75.1
Phosphate (Comparative Example 6) 98.1 97.9 91.2
p-toluenesulfonate (Comparative 98.6 98.1 87.3

Example 7)

As shown in Table 2, there was little change in content of
the L-aspartate according to the present invention at room
temperature, meaning that it was chemically stable.

EXPERIMENTAL EXAMPLE 3
Toxicity Test-Single Dose Toxicity in Mice

The following experiment was performed in order to
observe the degree of toxicity of the L-aspartate according
to the present invention.

Male ICR mice were used as experimental animals. 5
male ICR mice were divided into 6 dose groups, respectively
and fasted except for water for 24 hours. R-7-(3-aminom-
ethyl-4-methoxyimino-3-methyl-pyrrolidin-1-y1)-1-cyclo-
propyl-6-fluoro-4-oxo-1,4-dihydro-[ 1,8 |naphthyridine-3-
carboxylic acid L-aspartate prepared in the Example 1 and
the other salts prepared in Comparative Examples were
intraperitoneally administered once (10 ml/kg) at 500, 250,
125, and 0 mg/kg, respectively to observe the lethal dose 50
(LD50) for 14 days. The results are shown in Table 3.

TABLE 3
Lethal dose 50
Salt used (mg/kg)
L-aspartate (Example 1) 209
D-aspartate (Comparative Example 1) 176
Hydrochloride (Comparative Example 3) 176
Phosphate (Comparative Example 6) 176

As shown in Table 3, it is determined that the [-aspartate
of the present invention was less toxic than the other salts
(D-aspartate, phosphate, and hydrochloride) due to a higher
lethal dose 50 than those of the other salts.

EXPERIMENTAL EXAMPLE 4
In Vivo Genotoxicities

The following study performed to obtain in vivo geno-
toxicities, micronucleus test of L-aspartate and hydrochloric
acid salt in male mice to the following procedure.

After 24 hrs after end of twice intraperitoneal treatment of
aspartate or of single intraperitoneal treatment of cyclophos-
phamide(CPA), all animal were sacrifice and the changes on
the number of polychromatic erythrocyte with one or more
nuclei (MNPCE) were evaluate among 2000 PCEs with
PCE/((PCE+normochromatic  erythrocytes(NCE)) ratio
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among 500 erythrocytes for detecting possibility of cyto-
toxicity. The highest dosage used in the present study was
selected as 60 mg/kg in a volume of 20 ml using distilled
water as vehicle because quinolone antibiotics have been
showed positive results in mouse micronucleus test, and 30,
15 and 7.5 mg/kg were selected using common ratio 2 in the
present study, respectively. in addition, intact control and
positive control (cyclophosphoamide(CPA) 70 mg/kg)
groups were added.

In these result, the MNPCE number of aspartate were not
detected significant change in 30, 15, 7.5 mg/kg treat grou-
pas compared with intact control, respectively. But in the
case of hydrochloric acid salt, the MNPCE number were
singificantly increase in 7.5 mg/kg tested group.

5
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EXPERIMENTAL EXAMPLE 5

In Vivo Pharmacokinetic Test

The L-aspartate and hydrochloride according to the pres-
ent invention were orally or intravenously administered to
SD rats, respectively and blood samples were collected at a
predetermined time to compare in vivo pharmacokinetics.
Pharmacokinetic parameters are shown in Table 4.

Then, Cmax: maximum drug concentration, Tmax: maxi-
mum drug concentration time, T, ,: drug half-life, AUCO-t:
area under the plasma concentration-time curve from time
zero to t hours, and AUCO-inf: area under the plasma
concentration-time curve from time zero to infinity.

TABLE 4

PK parameters of the hydrochloride and L-aspartate according to the

present invention in rats after p.o. and i.v. administration

Pharmacokinetic

Hydrochloride L-aspartate

parameter iv. (10 mg/kg) p.o. (100 mg/kg) iv. (10 mg/kg) p.o. (100 mg/kg)
C,e (ng/ml) 446 = 0.96 7.62 £ 3.93 4.18 + 0.29 9.08 +4.50
T, (h1) 0 2.13 £ 1.97 0 2.13 £0.63
Ty (hr) 1.552.05+ — 2.05+1.55 —
AUC,., 8.72 £ 0.33 44.42 = 21.38 7.52 £0.22 52.68 = 28.73
(ng - hr/ml)

AUCq. 4 0.4610.72= — 9.32 £0.28 —

(pg - hr/ml)

BA (%) a — 50.96 — 70.05

* estimated value by back extrapolation (Cp)
a This result is calculated by ratio of AUCy 1
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The pharmacokinetic parameters of the hydrochloride and
L-aspartate according to the present invention showed in
Table 4. Although the statistical significance was not
observed, the mean oral bioavailability (BA, %) of the
L-aspartate of the present invention was relatively higher
than that of the hydrochloride in rat pharmacokinetic study.
The BA values of the hydrochloride and L-aspartate accord-
ing to the present invention were 50.96% and 70.05%,
respectively.

EXPERIMENTAL EXAMPLE 6
In Vivo Tissue Distribution Test

An in vivo tissue distribution test was performed in order
to confirm the degree of drug distribution of the L-aspartate
and hydrochloride according to the present invention in each
organ. After 8-week-old ICR mice were purchased and
adapted in the laboratory, each salt was orally administered
to the mouse at a dose of 100 mg/kg. The mice were bled and
sacrificed at a predetermined time and each organ was drawn
to measure the concentration in each organ. After the admin-
istration of hydrochloride and L-aspartate, each organ con-
centration over time, the area under the corresponding
time-concentration curve, and the ratio of permeation into
tissue were shown in Tables 5 and 6.

Then, P ratio is a ratio of permeation into muscle and
calculated as intramuscular AUC/intraplasmic AUC.
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TABLE 5

Hydrochloride
Time Plasma Liver Kidney Brain Lung Spleen Thymus Heart Testicle Muscle
(hr) (ng/ml)  (ug’e) (ug/e) (gle) (ge) (ug/e)  (ge)  (ug/e)  (ngs)  (ne/g)
0.5 15.51 160.68 90.76  2.51 82.80 101.81 24.55 59.29 4.79 39.79
1 1424 12493 87.84 3.09 79.50 111.78 57.95 61.22 8.36 52.03
1.5 12.09  112.52 7549 272 73.65 107.26 60.77 52.66  12.66 50.40
2 12.04  109.11 69.92 3.18 63.66 101.77 61.30 5759 16.98 50.82
3 6.24 68.98 4299 199 38.75 59.75 38.37 2552 1422 28.30
5 4.32 55.73 3276  1.60  23.42 42.08 25.68 17.31 12.92 18.42
8 2.29 27.03 18.04 0.73 1141 21.51 12.82 8.86 7.77 8.26
AUCy_, 53.55  564.25 35292 14.63 299.50 463.83 25857 22461 9091 210.10
P — 10.54 6.59  0.27 5.59 8.66 4.83 4.19 1.70 3.92
ratio

TABLE 6

L-aspartate
Time Plasma Liver Kidney Brain Lung Spleen Thymus Heart Testicle Muscle
(hr) (ng/ml)  (ug’e) (ug/e) (gle) (ge) (ug/e)  (ge)  (ug/e)  (ngs)  (ne/g)
0.5 11.59  127.50 79.15  2.28  76.28 91.63 26.52 47.22 4.94 38.02
1 12.24  114.15 7920 255  70.10 98.14 48.11 57.97 8.82 39.58
1.5 10.74  117.77 7742 234 7152 84.89 48.85 4996  10.20 37.37
2 8.47 85.44 62.18 257  52.69 67.28 40.10 36.69 12.92 36.70
3 6.30 70.82 48.76  2.02 38.74 57.56 39.78 2772 14.84 28.83
5 4.62 57.35 3403 1.52 2452 43.72 25.94 01.33 11.52 18.02
8 1.87 26.56 20.17 033 11.62 23.37 12.79 8.72 6.97 6.93
AUCy_, 4744 533.23 353.00 12.82 285.27 41847 23549 203.05 83.15 183.68
P — 11.24 744  0.27 6.01 8.82 4.96 4.28 1.75 3.87

ratio

As shown in Tables 5 and 6, when the L-aspartate and
hydrochloride according to the present invention was orally
administered, there was no big difference in concentration of
the drug to be distributed in organ tissues and AUC accord-
ing to the form of salt. It was confirmed that the levels of the
L-aspartate according to the present invention permeated
were highest in the order of liver, kidney, brain, spleen, lung,
thymus, heart, muscle, and testicle.

PREPARATION EXAMPLE
Preparation of Pharmaceutical Formulations

<1-1> Preparation of Powders

Compound of Chemical Formula 1 2 g

Lactose 1 g

The ingredients were mixed and filled into sealed pack-
aging to provide powders.

<1-2> Preparation of a Tablet

Compound of Chemical Formula 1 100

Corn starch 100

Lactose 100

Magnesium stearate 2

The ingredients were mixed and tabletted according to a
conventional tablet preparation method to provide a tablet.

<1-3> Preparation of a Capsule

Compound of Chemical Formula 1 100

Corn starch 100

Lactose 100

Magnesium stearate 2

The ingredients were mixed and filled into a gelatin
capsule according to a conventional capsule preparation
method to provide a capsule.
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<1-4> Preparation of Injections

Compound of Chemical Formula 1 10/
Diluted Hydrochloric acid BP to pH 3.5
Injectable Sodium chloride BP Up to 1

The compound of Chemical Formula 1 was dissolved in
a proper volume of injectable sodium chloride BP, pH of a
solution produced was adjusted to pH 3.5 with diluted
hydrochloric acid BP, and its volume was adjusted with
injectable sodium chloride BP. After being sufficiently
mixed, the solution was filled in a 5 type I ampoule made
from transparent glass, which was then molten such that the
solution was packaged under the upper grid of air. An
injection was obtained by autoclaving the ampoule at 120°
C. for 15 min or longer.

The invention claimed is:

1. A method of administering to a patient in need thereof
a therapeutically effective amount of L-aspartate of R-7-(3-
aminomethyl-4-methoxyimino-3-methyl-pyrrolidin-1-y1)-1-
cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-[1,8]naphthyri-
dine-3-carboxylic acid represented by the following
Chemical Figure 1:
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[Chemical FIG. 1]

OH

N N

HO,CCH,CH(NH,)CO,H.

2. The method of claim 1, wherein the L-aspartate of
R-7-(3-aminomethyl-4-methoxyimino-3-methyl-pyrrolidin-
1-yD)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-[ 1,8 |naph-
thyridine-3-carboxylic acid is active against Gram-positive
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bacteria, Gram-negative bacteria, methicillin resistant bac- ,,

teria, or quinolone-resistance bacteria.

3. The method of claim 1, wherein the L-aspartate of
R-7-(3-aminomethyl-4-methoxyimino-3-methyl-pyrrolidin-
1-yD)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-[ 1,8]naph-
thyridine-3-carboxylic acid is active against Streptococci.

4. The method of claim 1, wherein the L-aspartate of
R-7-(3-aminomethyl-4-methoxyimino-3-methyl-pyrrolidin-

16
1-yD)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-[ 1,8 |naph-
thyridine-3-carboxylic acid is active against methicillin
resistant Staphylococcus aureus (MRSA).

5. The method of claim 1, wherein the L-aspartate of
R-7-(3-aminomethyl-4-methoxyimino-3-methyl-pyrrolidin-
1-yD)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-[ 1,8 |naph-
thyridine-3-carboxylic acid is a pharmaceutically acceptable
L-aspartate salt of R-7-(3-aminomethyl-4-methoxyimino-3-
methyl-pyrrolidin-1-y1)-1-cyclopropyl-6-fluoro-4-oxo-1,4-
dihydro-[1,8 naphthyridine-3-carboxylic acid.

6. The method of claim 5, wherein the salt has a greater
mean oral bioavailability than a hydrochloric acid salt of
R-7-(3-aminomethyl-4-methoxyimino-3-methyl-pyrrolidin-
1-yD)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-[ 1,8 |naph-
thyridine-3-carboxylic acid.

7. The method of claim 5, wherein the salt has at least
about a 30% greater mean oral bioavailability than a hydro-
chloric acid of R-7-(3-aminomethyl-4-methoxyimino-3-
methyl-pyrrolidin-1-yl)-1-¢ yclopropyl-6-fluoro-4-ox o-1,4-
dihydro-[1,8 naphthyridine-3-carboxylic acid.

8. The method of claim 5, wherein the salt has a reduced
cytotoxicity than a hydrochloric acid salt of R-7-(3-amin-
omethyl-4-methoxyimino-3-methyl-pyrrolidin-1-y1)-1-cy-
clopropyl-6-fluoro-4-oxo0-1,4-dihydro-[ 1,8 Jnaphthyridine-

25 3_carboxylic acid.



